(19) 


J 


Europ&sches Patentamt 
European Patent Office 
Office europeen des brevets 


(12) 


EP 0 775 550 A1 

EUROPEAN PATENT APPLICATION 


(43) Dale of publication: 

2a05.1997 Bulletin 1997/22 

(21) Application number: 96118694.7 

(22) Dateof filing: 21.11.1996 


(51) IntCL 6 : B23P 15/24, B29C 67/00, 
B21D 37/20 


(84) Designated Contracting States: 

(72) Inventor: Nakagawa, Takeo 

DEFRGB 

Wako-shi, SaHama, 351-01 (JP) 

(30) Priority: 24.11.1995 JP 306004/95 

(74) Representative: GrQnecker, KJnkeldey, 

(71 ) Applicant The Institute of Physical and Chemical 

Stockmair & SchwanhSusser 

Anwaftssozletat 

Research (RIKEN) 

Maximllianstrasse 58 

Wako-shl, Saltama 351-01 (JP) 

80538 MQnchen (DE) 


o 
in 

LO 

o 

Q- 
LU 


(54) Method of fabricating metal moid comprised of laminated thin metal plates 


(57) There is provided a method of fabricating a 
metal mold comprised of lamination of a plurality of thin 
metal plates, including the steps of, in sequence, (a) 
obtaining slice data on a thickness for each of thin metal 
plates on the basis of three-dimensional CAD data, (b) 
cutting the thin metal plates one by one, (c) stacking the 
thus cut thin metal plates one on another, (d) bonding 
the thus stacked thin metal plates to one another, and 

(e) removing steps formed between the thin metal 
plates. The steps (b) and (d) may be replaced with each 
other. That is, the above mentioned steps may be car- 
ried out in the order of (a), (d), (c). (b) and (e). The steps 

(f) . (g) and (h) may be added to the method: (t) removing 
burr formed at cutting edges of the thin metal plates, the 
step (f) being to be carried out between the steps (b) 
and (c); (g) measuring a thickness of the stacked thin 
metal plates each time the thin metal plates are bonded 
to each other; and (h) feeding the thus measured thick- 
ness back to the slice data. In accordance with the 
above mentioned method of fabricating a metal mold 
comprised of lamination of a plurality of thin metal 
plates, it is possible to obtain necessary strength by 
simple bonding process, automate laminating thin metal 
plates and bonding thin metal plates to each other, 
readily remove steps formed between thin metal plates, 
and obtain high accuracy in a thickness of stacked thin 
metal plates. 
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Description 

BACKGROUND OF THE INVENTION 
5 HELD OF THE INVENTION 

The invention relates to a method of fabricating a metal mold comprised of lamination of a plurality of thin metal 
plates. 

w PESCRIPTON QFTtiE RELATEP APT 

In product manufacturing, reduction in fabrication cost and improvement in quality are eternal targets. In addition, 
it is also irrportarrt to shorten a period of time for developing new products because of rapid progress in technology, 
shortened life-time of products, and smaller volume production for a greater nurrfcer of proctocts. 

is Most mechanical parts are made of a solid single-piece material, and hence, shortening a lead time for developing 
solid single-piece material is a key point for shortening a period of time for development of products. The solid single- 
piece material is characterized by that a product having a complicated structure can be mass-produced with high effi- 
ciency by means of a metal mold. However, a problem is that fabrication of a metal mold takes relatively long time. 
A metal mold has conventionally been manufactured by cutting process. Recently, there has appeared a variety of 

20 novel technologies such as design of a metal mold by means of computer aided design (CAD), molding simulation by 
means of CAD, automatic processing by means of CAD/CAM, high efficiency processing by means of high rate cutting 
andfor electric discharge, automatic finishing by mirror polishing or automatic polishing, automatic inspection of a metal 
mold by means of three-dimensional measuring device, and a trial molding machine with high performance, all of which 
have contributed to shortening of a lead time for developing products. However, in conventional methods in which a 

25 starting material is cut to thereby fabricate a metal mold, a metal material has to be gradually cut with a cutting device. 
Thus, even if other steps were shortened in time, a metal mold took much time to fabricate. In addition, though 
unmanned operation by means of CAD/CAM has been recently spread widely, it still takes too much time and man- 
power for developing a numerical control (NC) program to be used for operating various processing machines. 

One of solutions to the above mentioned problems is a concept of a metal mold comprised of laminated thin metal 

30 plates. Specif ically, by assuming that a three-dimensional metal mold is comprised of lamination of thin metal plates 
having different shapes, a metal mold is fabricated by stacking thin metal plates having been precision investment cut 
by means of laser. This is one of lamination moldings which are called rapid proto-typing, and is just opposite to a con- 
cept of fabricating a metal mold by cutting a starting material, in other words, by removing unnecessary portions in a 
starting material. This concept was first suggested more than ten years ago by Tokyo University; Production Technology 

35 Laboratory, Professor Nakagawa's office, and has been used by some private companies. 

On the other hand, there has been developed and researched fabrication of a metal mold by lamination molding 
which is called rapid tooling. This aims shortening a lead time by using lamination molding such as optical molding 
which has been recently widely used. The lamination molding includes three types: (a) conversion of resin model 
formed by usual lamination molding into a metal mold by accurate casting; (b) infiltration of metal powder model with 

40 copper; and (c) direct formation of metal powder sintered body. Among these three types, the type (a) includes a casting 
step, which would deteriorate accuracy. Thus, the type (a) is not suitable for application to a metal mold except a small 
one The types (b) and (c) have problems that they have to have an infiltration step and are not suitable for a large-sized 
metal mold. 

A sheet lamination process, which is one of rapid proto typing processes, is originated from the above mentioned 
45 metal mold comprised of laminated thin metal plates, and is a system in which supply, bonding and cutting of sheets 
are completely automated. By combining a concept of the above mentioned sheet lamination process, as one of rapid 
proto typing processes, where sheets made of resin or paper are to be used, and the metal mold comprised of lami- 
nated thin metal plates, a new system for automatically fabricating a metal mold is expected to be born. The above men- 
tioned metal mold comprised of laminated thin metal plates has been proved to be practical for formation of a shallow 
so shaped thin plate by pressing. In addition, the system for automatically fabricating a metal mold has been proved to be 
practical by a model made of thin resin and papers. 

Under the above mentioned circumstances, the inventor intends to provide a method of fabricating a metal mold 
comprised of lamination of thin metal plates, which method would be suitable for a system for automatically fabricating 
a metal mold by stacking a plurality of thin metal plates. Hereinbeiow will be described problems in acconplishing the 
55 method. 

A Formation of three-dimensional CAD solid model in designing a metal mold. 

In the method in accordance with the present invention, two-dimensional slice data is obtained from three-dimen- 
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sional CAD data, and then metal plates are cut according to the slice data. A software for doing so has already been 
completed, and is used in a variety of rapid proto typing. A problem at present is that a metal moid design is not always 
three-dimensional However, three-dimensional solid model is now being developed in the general situation, and thus a 
three-dimensional design of a metal mold can be accomplished in the quite near future. Hence, three-dimensional CAD 
in a metal mold design can be accomplished based on conventional technologies. 

B. Method of bonding thin metal plates. 

ft is one of big problems to bond thin metal plates to each other with the metal plates being stacked, it is said that 
this problem can be overcome by fastening metal plates with bolts or caulking metal plates in press-type metal molding. 
However, there remains probability that there arises a trouble when a molded product is pulled out of metal molds hav- 
ing a deep cavity. Thus, it is necessary to find a method of bonding thin metal plates to each other more firmly and per- 
fectly. 

As a perfect method of bonding thin metal plates to each other, there is a diffusion bonding method, which, how- 
ever, requires a large-scaled machine, and takes too much time for bonding. In adcfition, it is also a problem from the 
standpoint of automatic fabrication that bonding thin metal plates to each other has to be carried out by another 
machine after stacking metal plates. Thus, it is necessary to find a method of readily bonding metal plates to each other 
which method enables automatic bonding with requisite bonding strength. 

C. Automation in stacking thin metal plates. 

In conventional formation of a metal mold comprised thin laser-cut metal plates, metal plates have been manually 
stacked. On the other hand, in rapid proto typing where sheets made of resin or paper are to be stacked, cutting and 
stacking metal plates are completely automated. In addition, bonding metal plates to each other is also automated, 
which makes the rapid proto typing process to be a completed process. Similarly to the rapid proto typing process, it is 
necessary in the present invention to automate stacking and bonding metal plates to thereby automate the overall sys- 
tem. 

In the rapid proto typing, the thin metal plates are slacked and bonded to each other one by one, and then only an 
uppermost metal plate is cut Laser or a knife blade is used for cutting only an uppermost metal plate. However, it is 
difficult in general that only an uppermost metal plate is cut with other metal plates being stacked, and hence it is nec- 
essary to develop cutting technique for cutting only an uppermost metal plate. 

In particular, in thermally cutting metal plates, it is very important to prevent metal plates from melting and bonding 
to each other while a metal plate is being cut with other metal plates being stacked. Another process such as mechan- 
ically cutting may be adopted. As an alternative, thin metal plates which have been already cut may be stacked one on 
another, in which case, however, it is necessary to establish a technique by which burr is not be produced, or it is nec- 
essary for metal plates to go through a burr removing step after being cut and before being stacked and bonded. At any 
rate, it is necessary to adopt the most advantageous system, which could overcome a problem of steps to be formed 
between thin metal plates. 

D. Removal of steps on a surface of a metal mold. 

In a model comprised of lamination of sheets made of resin or paper, Steps formed on a surface of the model can 
be readily, manually removed with an emery paper, because resin and paper are soft. On the contrary, in a model com- 
prised of lamination of metal plates, it would take much labor to manually remove such steps. In addition, a device such 
as a grinder has to be used for removal of the steps. If a metal mold is to be fabricated by cutting a starting material, 
cutting technique for decreasing the number of steps should be taken or cutting for removal steps should be carried out. 

E. Accuracy in a thickness of a metal mold comprised of lamination of thin metal plates. 

Metal flat plates have a dispersion in thickness, even if they are strictly selected. Though a single thin metal plate 
has a quite small dispersion, a lot of thin metal plates would make a large dispersion. In addition, a small burr or a raised 
portion formed during welding would make an error in thickness of a metal plate. In order to solve these problems, it is 
necessary to optimize cutting conditions to minimize causes for generating such errors, and also necessary to establish 
a system for measuring a thickness of a metal mold and feeding the thus measured data back to slice data. It may be 
necessary to measure a thickness of a metal mold under pressure. 

SUMMARY OF THE INVENTION 


in view of the above mentioned problems, it is an object of the present invention to provide a method of fabricating 
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a metal moid comprised of lamination of a plurality of thin metal plates, which method is capable of providing requisite 
strength by simple bonding, automating stacking and bonding metal plates, readily removing steps formed on a surface 
of a metal mold, and enhancing accuracy of a thickness of a completed metal mold. 

There is provided a method of fabricating a metal mold comprised of lamination of a plurality of metal plates, includ- 
s ing the steps of, in sequence (a) obtaining slice data on a thickness for each of metal plates on the basis of three-dimen- 
sional CAD data, (b) cutting the metal plates one by one, (c) stacking the thus cut metal plates one on another, (d) 
bonding the thus stacked metal plates to one another, and (e) removing steps formed between the metal plates. 

The above mentioned method may further include the steps of (f) removing burr formed at cutting edges of the 
metal plates, the step (f) being to be carried out between the steps (b) and (c), (g) measuring a thickness of the stacked 
70 metal plates each time the metal plates are bonded to each other, and (h) feed-backing the thus measured thickness to 
the slice data. 

In accordance with the above mentioned method, it is possible to form the lamination of thin metal plates which has 
a shape quite similar to that of a metal mold, only by repeating steps of obtaining slice data for each of metal plates from 
three-dmensional CAD data, cutting the metal plates, stacking the thus cut metal plates, bonding the stacked metal 

15 plates to each other, and removing steps formed between the metal plates. 

There is further provided a method of fabricating a metal mold comprised of lamination of a plurality of metal plates, 
including the steps of, in sequence, (a) obtaining slice data on a thickness for each of metal plates on the basis of three- 
dimensional CAD data, (b) stacking the metal plates one on another, (c) bonding the thus stacked metal plates to one 
another, (d) cutting successively the metal plates situated uppermost of the stuck metal plates, and (e) removing steps 

20 formed between the metal plates. 

In essential, the above mentioned method is different only in the order of the steps of cutting, stacking and bonding 
from the first mentioned method. Namely, the second mentioned method carries out the steps of stacking, bonding and 
cutting in this order, whereas the first mentioned method carries out the steps of cutting, stacking and bonding in this 
order. The second mentioned method provides an advantage, which is not provided by the f irst mentioned method, that 

25 *rt is possible to eliminate a step of removing burrs formed at cutting edges of metal plates. 

The method may further include the step of (t) applying separating agent to the metal plates to prevent the metal 
plates from being melted and stuck to other metal plates during being cut the step (f) being to be carried prior to the 
step (d), (g) plating the metal plates with separating agent to prevent the metal plates from being melted and stuck to 
other metal plates during being cut, the step (g) being to be carried prior to the step (d), or (h) interposing foil-like sep- 

30 arating material between the metal plates to prevent the metal plates from being melted and stuck to other metal plates 
during being cut, the step (h) being to be carried prior to the step^d). 

There is still further provided a method of fabricating a metal mold comprised of lamination of a plurality of metal 
plates, including the steps of, in sequence, (a) obtaining slice data on a thickness for each of metal plates on the basis 
of three<fimensional CAD data, (b) stacking the metal plates one on another, (c) bonding the thus stacked metal plates 

35 to one another to form a block comprised of lamination of a plurality of metal plates, (d) cutting the metal plates one by 
one starting from one situated uppermost of the stuck metal plates to others situated below the uppermost one, (e) 
removing successively unnecessary portions of the metal plates, and (f) removing steps formed between the metal 
plates. 

In the above mentioned method, a lamination block is formed by repeating steps of stacking and bonding metal 
40 plates. Then, the metal plates are cut one by one, and unnecessary portions are taken away. Finally, steps having 
formed on a surface of the lamination block are removed. Thus, a metal mold is formed with high accuracy. 

The above mentioned method may further include the steps of (g) measuring a thickness of the block each time the 
metal plates are bonded to each other, and (h) feeding the thus measured thickness back to the slice data. 

It is preferable for the above mentioned to further include the step of (i) infiltrating the block with soldering liquid, the 
45 step © being to be carried out prior to the step (f). 

The above mentioned method may further include the step of applying separating agent to the metal plates, plating 
the metal plates with separating agent or interposing foil-like separating material between the metal plates, and still fur- 
ther include the step of heating the metal plates to bond each other in the step (c). 

For instance, the metal plates may be cut by means of laser, plasma, milling, or a combination thereof. The metals 
so may be bonded to each other by means of spot welding by laser, seam welding, or a combination thereof. 

It is possible to have requisite bonding strength by bonding metal plates by means of spot welding by laser, seam 
welding or combination thereof. In addition, it is also possible to automate stacking and bonding metal plates by repeat- 
ing the above mentioned steps of cutting, stacking and bonding metal plates. Steps having formed between the metal 
plates can be readily removed after bonding or infiltrating the metal plates. Furthermore, it is possible to enhance accu- 
55 racy in a total thickness of the lamination of the metal plates by measuring a thickness of the lamination of metal plates 
each time a metal plate is stacked onto the lamination, and feeding data about the thus measured thickness back to the 
slice data. 

Each of the metal plates may be pressurized pneumatically or with a roller or a spring while being welded to other 
metal plates, in order to prevent the metal plates from being risen from a metal plate situated therebelow. Soldering 
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material or separation agent may be applied or plated to each of the metal plates, or each of the metal plates may be 
covered with soldering foil or separating foil, both of which makes ft easy to apply soldering agent to the metal plate in 
subsequent steps and prevents the metal plates from being melted and bonded to other metal plates during the metal 
plates are cut with laser. 

s The above and other objects and advantageous features of the present invention will be made apparent from the 
following description made with reference to the accompanying drawings, in which like reference characters designate 
the same or similar parts throughout the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w 

Fig. 1 is a flow chart of the first embodiment in accordance with the inventive method of fabricating a metal motel 
comprised of a plurality of stacked thin metal plates. 

Fig. 2A is a cross-sectional view of a metal mold fabricated in accordance with the first and second embodiments 
of the present inventioa 

75 Fig. 2B is an enlarged view illustrating a single metal plate having portion to be cut away. 
Fig. 3 is a flew chart of the second embodiment in accordance with the present invention. 
Fig. 4 is a flow chart of the third embodiment in accordance with the present invention. 

Fig. 5A is a cross-sectional view of a metal mokJ fabricated in accordance with the third embodiment of the present 
invention. 

20 Fig. 5B is an enlarged view illustrating a single metal plate having a portion to be cut away. 
Fig. 6 is a schematic view showing how a stack of metal plates is cut 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 Preferred embodiments in accordance with the present invention will be explained hereinbelow with reference to 
drawings. 

With reference to Fig. 1 , hereinbelow is explained the first embodiment in accordance with the inventive method of 
fabricating a metal mold comprised of a plurality of stacked thin metal plates. As shown in Fig. 1 , the method includes 
the step 1 of obtaining slice data for each of thin metal plates on the basis of three-dimensional CAD data, the step 2 

30 of cutting a plurality of thin metal plates one by one with accuracy, the step 3 of stacking the thus cut thin metal plates, 
the step 4 of bonding the thus slacked thin metal plates to one another, and the step 5 of removing steps having been 
formed between the thin metal plates. Between the steps 2 and 3 is carried out the step 6 of removing burrs having been 
formed at cutting edges of the thin metal plates prior to slacking the cut metal plates. In addition, the step 7 of separat- 
ing upper and lower molds from each other is carried out just after the step 4, and the step 8 of infiltrating the thin metal 

as plates is carried out between the steps 7 and 5. The steps 2, 6, 3 and 4 are carried out for each of the thin metal plates. 
Fig. 2A is a cross-sectional view of a metal mold fabricated in accordance with the first embodiment In the first 
embodiment, ten thin metal plates 1 are stacked one on another. Each of the thin metal plates 1 are to be cut at cutting 
sections 2, and a scrap portion 3 interposed between the cutting sections 2 are to be taken away. Each of the thin metal 
plates 1 is bonded to adjacent metal plates 1 by both closest spot welding 4 and spot welding 5. 

40 Each of the thin metal plates 1 is cut by means of laser, plasma, milling or a combination thereof. Hereinbelow will 
be explained a case where the thin metal plates 1 are cut by means of laser or plasma. While the thin metal plates 1 
are being cut, the thin metal plates 1 may be pressurized in order to avoid the metal plates 1 from being risen. 

With reference to Figs, t , 2A and 2B, among slice data obtained from three-dimensional CAD data in the step 1 , 
there is used data about contour of the thin metal plates 1 to thereby precisely cut the thin metal plates 1 by means of 

45 laser in the step 2. Plasma may be substituted for laser. If burrs and dross are formed at the cutting section 2 of the 
metal plates 1 , a conventional method is carried out for removing them in the step 6 in order to keep accuracy in a total 
thickness of the stacked thin metal plates 1. Then, the thin metal plates 1 having been cut with laser or plasma are 
stacked one on another in the step 3. Each of the thin metal plates 1 may be formed with a hole or cutout when cut with 
laser or plasma in order to enhance accuracy in relative positional relationship between the adjacent metal plates 1. 

so The formation of such a hole or cutout ensures that each of the metal plates 1 are precisely positioned, when the thin 
metal plates 1 are slacked one on another. 

When upper and lower molds are to be simultaneously formed, the thin metal plates 1 are cut so that a portion con- 
stituting an upper mold, a portion constituting a lower mold and a portion constituting a cavity are not completely sepa- 
rated from one another, but partially connected with one another. If connecting portions for connecting the three 

55 portions with one another cannot be readily cut away in the separation step 7, it is necessary to prepare a separation 
program such as drilling for separating the three portions from one another. When a hollow portion is to be formed, the 
metal plates 1 having been already cut may be stacked after removal of the scrap portions 3. in which case, a part of 
the scrap portion is left not to be removed, if necessary, for positioning the thin metal plates 1 in place. 

In the step 4, the stacked thin metal plates 1 are welded with one another by means of either a laser processing 
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machine which has been used for cutting the metal plates 1 or another laser processing machine having different func- 
tions. The metal plates 1 are welded in spot welding by laser, seam welding, or a combination thereof, in order to avoid 
the thin metal plates 1 from being risen, the thin metal plates 1 are kept under pressura The spot welding 5 is carried 
out densely in the vicinity of the contour of the thin metal plates 1 , and roughly at the other sites, ft is preferable that the 

5 spot welding 5 is carried exit at offset positions between the adjacent thin metal plates 1 . The seam welding may be car- 
ried out at the contour of the metal plates 1 in order to completely weld the adjacent metal plates 1 with each other. After 
cutting, stacking and welding have been carried out, the stacked thin metal plates 1 make a rectangular parallelepiped 
block. A guide post portion and a part of a cavity portion may be hollow, and there may be formed some hollow portions 
for reducing the weight of the block The block may be drilled, rf necessary, to thereby separate upper and lower molds 

jo from each other, and the cavity portion and hollow portions are manually removed. 

The thus fabricated metal mold may be infiltrated with copper (Cu), if necessary, in the step 8, to thereby bond the 
thin metal plates 1 with each other more firmly. Then, steps having been formed on a surface of metal mold are ground 
by means of a grinder to thereby smooth the surface in the step 5. If necessary, the metal mold is machined, and is 
assembled with guide posts and cams. Thus, the metal mold is completed. 

75 In the above mentioned method, both upper and lower metal molds are fabricated at the same time, however, it 
should be noted that only one of them can be fabricated Though much material is left unused, the cutting step 2, the 
stacking step 3 and the welding step 4 can be made simpler, and in addition, the separation step 7 can be omitted. 

ft is possible to fabricate metal parts and metal models by the above mentioned method, in which case, a peripheral 
portion of a part makes the scrap portion 3, and thus it is necessary to make breaks by laser in order to be able to read- 

20 ily remove the peripheral portion. 

With reference to Fig. 3, hereinbelow is explained the second embodiment in accordance with the inventive method 
of fabricating a metal mold comprised of a plurality of stacked thin metal plates. As shewn in Fig. 3, the method includes 
the step 1 of obtaining slice data for each of a plurality of thin metal plates on the basis of three-dimensional CAD data, 
the step 3 of stacking the thin metal plates, the step 4 of bonding the thus stacked thin metal plates to one another, the 

25 step 2 of cutting the thin metal plates one by one with accuracy, and the step 5 of removing steps having been formed 
between the thin metal plates. The step 7 of separating upper and tower molds from each other is carried out just after 
the step 2, and the step 8 of inf iftrating tine thin metal plates is carried out subsequently to the step 7. The steps 3, 4 
and 2 are carried out for each of the thin metal plates. 

In the above mentioned second embodiment a plurality of the thin metal plates which have been cut into a prede- 

30 termined shape in advance are stacked one by one in the step 1, and then the thin metal plate are welded with an 
uppermost metal layer being stacked in the step 4. Then, only the thin metal plate situated uppermost is cut in the step 
2. Though a thin metal plate situated below the uppermost thin metal plate might be slightly damaged, it is not a prob- 
lem. An advantage provided by the second embodiment is to be able to avoid dross from being generated when the thin 
metal plates are cut with laser, and hence eliminate step of removing dross. Accordngiy, the step 6 of removing burrs 

35 formed at cutting edges of the thin metal plates can be eliminated unlike the first embodiment illustrated in Rg. 1 . In this 
embodiment, in the case hollow parts are manufactured in automatic, the scrap portion 3 should be removed with vac- 
uum machine or in later step. 

In the second embodiment, since a first thin metal plate keeps in direct contact with a second thin metal plate situ- 
ated just below the first thin metal plate, the first thin metal plate may not be smoothly cut by laser. In addition, the first 

40 thin metal plate may be melted during being cut with laser, and thus may be bonded to the second thin metal plate. As 
a countermeasure for the latter problem, it is preferable to select a metal which is difficult to bond to another, or apply 
a specific f flm to a surface of thin metal plates or carry out surface treatment to thin metal plates so that the thin metal 
plates are unlikely to bond to each other. 

With reference to Figs. 4, 5A and 5B, hereinbelow is explained the third embodiment in accordance with the inven- 

45 tive method of fabricating a metal mold comprised of a plurality of stacked thin metal plates. As shown in Fig. 4, the 
method includes the step 1 of obtaining slice data for each of a plurality of thin metal plates on the basis of three-dimen- 
sional CAD data, the step 3 of stacking the thin metal plates, the step 4 of bonding the thus stacked thin metal plates to 
one another, the step 2 of cutting the thin metal plates one by one with accuracy, the step 5 of removing steps having 
been formed between the thin metal plates, the step 9 of removing unnecessary portions generated by cutting the thin 

50 metal plates, and the step 8 of infiltrating the thin metal plates. The steps 3 and 4 are carried out for each of the thin 
metal plates. 

Rg. 5A is a cross-sectional view of a metal mold fabricated in accordance with the third embodiment, and Rg. 58 
is an enlarged view illustrating a single thin metal plate having a portion to be cut away. With reference to Rgs. 5A, 5B 
and 4, in the third embodiment, thin metal plates 1 which have been cut into a predetermined shape are stacked one 
55 by one in the step 3, and the thin metal plates 1 are welded to each other in the step 4. Until the stacked thin metal 
plates reaches a certain thickness, the steps 3 and 4 are repeated to thereby obtain a block comprised of lamination of 
the thin metal plates 1 . Then, similarly to the second embodiment, the thin metal plates 1 are cut one by one in the step 
2 starting from one situated uppermost Then, unnecessary portions or scrap portions are removed in the step 9, and 
thus there is completed a metal moid. The unnecessary portions or scrap portions are removed with a vacuum machine 
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and/ or magnets. It should be noted that both of upper and lower metal molds cannot be formed at a time, but only one 
of them can be formed by the third embodiment 

In the above mentioned preferred embodiments, the thin metal plates are ait with laser or plasma. Hereinbelow is 
explained other cutting techniques. 

5 

A. Cutting with a small diameter flat end mil] 

A small-diameter flat end mill may be used in place of laser or plasma in the step of cutting the thin metal plates. 
The other steps remain the same as those of the first embodiment illustrated in Figs. 1 , 2A and 2B. Narrow cavity por- 

10 tions and hollow portions can be formed by grinding the thin metal plates as well as by cutting the thin metal plates. 
When a small diameter tool is to be used to grind those portions, it is not possible to make a cut width small as laser 
cut, and thus, upper and lower metal molds may have to be formed with some interval being kept between the molds. 
In such a case, CAD data for upper and lower metal molds are adjusted accordingly. In grinding the thin metal plates 
for forming cavities and hollow portions, it is necessary to prevent generation of burrs, because they cause an error 

75 when a thickness of the stacked thin metal plates is measured. However, if it is impossible to avoid generation of buns, 
a step of removing burrs such as the above mentioned step 6 should be added. 

B. Using a small diameter flat end mill after stacking and bonding thin metal plates 

20 A small diameter fiat end mill is used in place of laser in the step of cutting the thin metal plates. The other steps 
remain the same as those of the second embodiment shown in Figs. 3, 2A and 2B. Narrow cavity portions and hollow 
portions can be formed by grinding the thin metal plates as well as by cutting the thin metal plates. In grinding the thin 
metal plates, it is necessary to avoid generation of burrs on an upper surface of the thin metal plates, and not to leave 
chips. 

25 

C. Cutting a block comprised of stacked and bonded thin metal plates 

A small diameter end mill is used in place of laser for cutting the thin metal plates. This process is almost the same 
as the third embedment shown in Figs. 4, 5A and 5B. If a ball end mill would be used, a problem of generation of steps 
30 on a surface of the block could be solved, and thus it would be possible for a metal mold to have a flatter surface. As 
schematically shewn in Fig. 6, a thickness of the thin metal plate 1 is not always necessary to be equal to a cut depth 
of a cutting tool. Hence, it is possible to use a thick metal plate, which could shorten a period of time for carrying out the 
step of welding the thin metal plates to each other. 

35 D. Cutting thin metal plates one by one with a ball end mill 

In the above mentioned second embodiment shown in Fig. 3, a ball end mill may be used in place of a flat end mill 
for cutting the thin metal plates. Namely, the thin metal plates are cut with a ball end mOl after having been stacked and 
bonded to each other. Unnecessary portions may be removed each time, or may be removed after once left as they are. 
40 Though one of upper and lower metal molds can be formed because of the use of a ball end mill, the height of steps 
can be significantly reduced and a cut of depth can be made smaller than a thickness of a thin metal plate. Thus, it is 
possible to use thick metal plates, which could remarkably shorten a period of time of the step of welding thin metal 
plates to each other. 

45 E. Combination of laser and milling 

In the above mentioned techniques A to D, it is preferable to add the step of cutting the thin metal plates after the 
unnecessary scrap portions 3 have been removed by cutting the thin metal plates with laser just before cutting the thin 
metal plates with a milling machine. As a tool to be used in this technique, a ball end mill is suitable, because it can 
so enhance flatness of a surface of the thin metal plates. The use of laser and milling in combination decreases resistance 
acting on a cutting tool, and hence, it is possible to carry out higher speed feed with a smaller diameter tool. 

F. Combination of laser and cutting 

55 In the first to third embodiments shown in Figs. 1 to 5B, a laser processing machine and a plasma generator are 
used to thereby form a metal mold. If cutting and welding of the thin metal plates can be carried out with a single light 
source, it is possible to form a metal mold by feeding a thin metal plate or stacked thin metal plates into a single 
machine. 

When two tight sources are to be used for carrying out the cutting and welding steps, two laser processing 
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machines are connected in series, or two light sources are provided to a single laser processing machine. If a step of 
removing buns or dross is to be carried out two light sources are equpped within or set aside a laser processing 
machine, and burrs are removed while a next thin metal plate is being cut At any rate, it is possible to automatically 
carry out the steps of cutting, stacking and welding (bonding), and it is also possible to automatically carry out the step 

s of removing burrs as well as the above mentioned main three steps. 

When the thin metal plates are to be cut with a cutting tool such as an end miO, it would be better to use a single 
machine having functions of laser emitting and cutting than using both a laser processing machine and a cutting 
machine. For instance, by adding a laser processing head to a commercially available cutting machine such as a 
numerical control slice and a machining center, various functions of a numerical control processor can be adequately 

10 utilized For instance, it is possible to carry out position control and high speed feed in a Z-axis direction, and also carry 
out high speed feed in X- and Y-axes directions. In addition, a variety of NC functions can be used, in which case, it 
would be preferable that a table is fixed and a spindle is movable at high speed in X-, Y- and Z-axes directions. A table 
may be designed to be movable only in a Z-axis direction, rt is preferable that thin metal plate feed can be carried out 
at supersonic speed in X- and Y- directions during spot welding of the thin metal plates. To this end, it is preferable to 

is use a linear drive shaft 

Table 1 shows the relationship between the above mentioned first to third embodiments and the cutting techniques. 


[Table 1] 



Laser or Plasma 

Milling 



Rat End Mill 

Ball End Mill 

First Embodiment 

o 

o 


Second Embodiment 

o 

o 

o 

Third Embodiment 

o 


o 

(Ck Applicable) 


As is obvious in Table 1 , laser, plasma and a flat end mill are applicable to the first embodiment, a ball end mill as 
30 well as those is further applicable to the second embodiment, and laser, plasma and a ball end mill are applicable to the 
third embodiment In accordance with the second and third embodiments in which a ball end mill is used, the step of 
removing steps can be eliminated, and it is possible to use thick metal plates. 

In accordance with the above mentioned first embodiment, it is possible to form the lamination of thin metal plates 
which has a shape quite similar to that of a metal mold, only by repeating steps of obtaining slice data for each of thin 
35 metal plates from three-dimensional CAD data, cutting the thin metal plates, stacking the thus cut thin metal plates, 
bonding the stacked thin metal plates to each other, and removing steps formed between the thin metal plates. 

The second embodiment provides an advantage, which is not provided by the first embodiment, that it is possible 
to eliminate a step of removing burrs formed at cutting edges of thin metal plates. 

In accordance with the third embodiment, a lamination block is formed by repeating steps of stacking and bonding 
ao thin metal plates. Then, the thin metal plates are cut one by one, and unnecessary portions are taken away. Finally, 
steps having formed on a surface of the lamination block are removed. Thus, a metal mold is formed with high accuracy. 

It is possible to have requisite bonding strength by bonding thin metal plates by means of spot welding by laser, 
seam welding or combination thereof. In addition, it is also possible to automate stacking and bonding thin metal plates 
by repeating the above mentioned steps of cutting, stacking and bonding thin metal plates. Steps having formed 
45 between the thin metal plates can be readily removed after bonding or infiltrating the thin metal plates. Furthermore, "rt 
is possible to enhance accuracy in a total thickness of the lamination of the thin metal plates by measuring a thickness 
of the lamination of thin metal plates each time a thin metal plate is stacked onto the lamination, and feeding data about 
the thus measured thickness back to the slice data. 

In accordance with the present invention, it is possible to obtain necessary strength by simple bonding process, 
so automate laminating thin metal plates and bonding thin metal plates to each other, readily remove steps formed 
between thin metal plates, and obtain high accuracy in a thickness of stacked thin metal plates. 

While the present invention has been described in connection with certain preferred embodiments, it is to be under- 
stood that the subject matter encompassed by way of the present invention is not to be limited to those specific embod- 
iments. On the contrary, it is intended for the subject matter of the invention to include all alternatives, modifications and 
55 equivalents as can be included within the spirit and scope of the following claims. 

Claims 

1. A method of fabricating a metal mold comprised of lamination of a plurality of thin metal plates, comprising the 
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steps of, in sequence: 

(a) obtaining slice data on a thickness for each of thin metal plates on the basis of three-dimensional CAD data; 

(b) cutting said thin metal plates one by one; 

5 (c) stacking the thus cut thin metal plates one on another; 

(d) bonding the thus stacked thin metal plates to one another; and 

(e) removing steps formed between said thin metal plates. 

2. The method as set forth in claim 1 further comprising the step of (f) removing burr formed at cutting edges of said 
70 thin metal plates, said step (f) being to be carried out between said steps (b) and (c). 

3. The method as set forth in claim 1 further comprising the steps of: 

(g) measuring a thickness of the stacked thin metal plates each time said thin metal plates are bonded to each 
75 other; and 

(h) feeding the thus measured thickness back to said slice data. 

4. The method as set form in claim 1 , wherein said thin metal plates are art in said step (b) by means of one of laser, 
plasma and milling, or a combination thereof. 

20 

5. The method as set forth in claim 1, wherein said metals are bonded to each other in said step (d) by means of one 
of spot welding by laser and seam welding, or a combination thereof. 

6. A method of fabricating a metal mold comprised of lamination of a plurality of thin metal plates, comprising the 
25 steps of, in sequence: 

(a) obtaining slice data on a thickness for each of thin metal plates on the basis of three-dimensional CAD data; 

(b) stacking said thin metal plates one on another; 

(c) bonding the thus stacked thin metal plates to one another; 

30 (d) cutting successively said thin metal plates situated uppermost of said stuck thin metal plates; and 

(e) removing steps formed between said thin metal plates. 

7. The method as set forth in claim 6 further comprising the step of (f) applying separating agent to said thin metal 
plates to prevent said thin metal plates from being melted and stuck to other thin metal plates during being cut, said 

35 step (f) being to be carried prior to said step (d). 

8. The method as set forth in claim 6 further comprising the step of (g) plating said thin metal plates with separating 
agent to prevent said thin metal plates from being melted and stuck to other thin metal plates during being cut, said 
step (g) being to be carried prior to said step (d) . 

40 

9. The method as set forth in claim 6 further comprising the step of (h) interposing foil-like separating material 
between said thin metal plates to prevent said thin metal plates from being melted and stuck to other thin metal 
plates during being cut said step (h) being to be carried prior to said step (d). 

45 10. The method as set forth in claim 6 further comprising the steps of: 

(g) measuring a thickness of the stacked thin metal plates each time said thin metal plates are bonded to each 
other; and 

(h) feeding the thus measured thickness back to said slice data. 

50 

11 . The method as set forth in claim 6, wherein said thin metal plates are cut in said step (d) by means of one of laser, 
plasma and milling, or a combination thereof. 

12. The method as set form in claim 6, wherein said metals are bonded to each other in said step (c) by means of one 
55 of spot welding by laser and seam welding, or a combination thereof. 

13. A method of fabricating a metal mold comprised of lamination of a plurality of thin metal plates, comprising the 
steps of, in sequence: 
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(a) obtaining slice data on a thickness for each of thin metal plates on the basis of three-dimensional CAD data; 

(b) stacking said thin metal plates one on another; 

(c) bonding the thus stacked thin metal plates to one another to form a block comprised of lamination of a plu- 
rality of thin metal plates; 

(d) cutting said thin metal plates one by one starting from one situated uppermost of said stuck thin metal 
plates to others situated below said uppermost one; 

(e) removing successively unnecessary portions of said thin metal plates; and 
(0 removing steps formed between said thin metal plates. 

14. The method as set forth in claim 13 further comprising the steps of: 

(g) measuring a thickness of said block each time said thin metal plates are bonded to each other; and 

(h) feeding the thus measured thickness back to said slice data. 

15. The method as set forth in claim 13 further comprising the step of (0 infiltrating said block with soldering liquid, said 
step (i) being to be carried out prior to said step (f). 

16. The method as set forth in claim 15 further comprising the steps of: 

(j) applying separating agent to said thin metal plates; and 

(k) heating said thin metal plates to bond each other in said step (c). 

17. The method as set forth in claim 15 further comprising the steps of: 

(j) plating said thin metal plates with separating agent; and 

(k) heating said thin metal plates to bond each other in said step (c). 

18. The method as set forth in claim 15 further comprising the steps of: 

(j) interposing foil-like separating material between said thin metal plates; and 
(k) heating said thin metal plates to bond each other in said step (c). 

1 9. The method as set forth in claim 1 3, wherein said thin metal plates are cut in said step (d) by means of one of laser, 
plasma and milling, or a combination thereof. 

20. The method as set forth in claim 1 3, wherein said metals are bonded to each other in said step (c) by means of one 
of spot welding by laser and seam welding, or a combination thereof. 
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FIG.3 
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FIG.4 


Establishing 
Slice Data 


Stacking 

Cut Metal Plates 


Bonding 

Stacked Metal Plates! 


j 

2S| 


Cutting Metal Plates 


Removing 
Scrap Portions 


1 

Infilt 
Meta 

rating 

1 Plates ** 

< 


Removing Steps - 



Completion of 
Metal Mold 


14 


EP0775550A1 


*0 



d 


15 


EP0775 550A1 


FIG.6 

Locus of Cutting Tool 



16 


EP077SS50A1 


Europe*n Patent 
Office 


EUROPEAN SEARCH REPORT 


Appgcitiow Note 

EP 96 11 8694 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Gtatia* of l Unw MB t with twiiratio B, where taprapfiate, 


CLASSDICAnON OF THE 
APPLICATION (ULGLt) 


X 
Y 


X 
Y 
A 


Y 
A 


P.X 
A 


US 5 031 483 A (WEAVER) 

* column 3, line 23 - line 45 * 

* column 5, line 24 - line 68 * 

* column 6, line 28 - line 46 * 

* column 7, line 5 - column 8, line 7 * 

* figures * 

US 5 671 5G3 A (BERHAN) 

* column 1, line 57 - line 63 * 

* column 8, line 20 - line 68; figures * 

DE 41 35 971 A (MARZ) 

* the whole document * 

WO 9B 03893 A (FEYGIN) 

* page 51, line 18 - page 53, line 21; 
figure 43 * 

NAKAGAWA T ET AL: "LASER CUT SHEET 
LAMINATED FORMING DIES BY DIFFUSION 
BONDING" 

22 April 1985 , PROCEEDINGS OF THE 
INTERNATIONAL MACHINE TOOL DESIGN AND 
RESEARCH CONFERENCE, PAGE(S) 595 - 510 
XP000603191 

* the whole document * 


WO 96 11117 A (HELISYS) 

* page 48, line 20 - line 22; claims 1,2; 

figure 43 * 


Ike pew* torch reptrt k*s beta hn op far iO i 


1.4 

2,5,13, 
19,20 
2,6, 
11-13 


6,11 
12 

1,13 

5,12,13, 
19,20 


2 

I, 4,6, 

II, 13,19, 


B23P15/24 
B29C67/09 
B21D37/20 


1,4 


TECHNICAL FIELDS 
SEARCHED (bUXf) 


B23P 
B29C 
B21D 
G05B 


6.11,13, 
19 

1-4 
6,10,11, 
13,15,19 


THE HAGUE 


18 March 1997 


Plastiras, D 


CATEGORY OF CITED DOCUMENTS 


X : aarticnUrty reVevast tf takes ataa* 
Y : aartkabiiy rdcvmst if coatafaai wW 

•DOtaust af the samt catqpiy 
A:t 
O: 


T : Italy or ariadate — inljin^ the 
E : oilier aataat inrei—t, I 

after the RUa* sate 
D : eoaaBaH dtei ia the aepllratina 


of fees 


17 


